T HE application of alumina cream to the precentral motor cortex has consistently induced recurrent convulsive seizures and electroen-1 cephalographic (EEG) abnormalities in the monkey. Subtotal removal of areas 4 and 6 including the cortex underlying the disc resulted in the cessaation of seizures for a period of 1 to ~ years, and considerable diminution in the E E G abnormality2 Subsequently, in one of the monkeys described the E E G disturbance returned to its former pre-ablation pattern. A more extensive ablation of the surrounding cortical tissue was then performed, but the abnormality persisted and was followed later by a return of seizures.
These findings suggested the need for further investigation. The present study includes continued observation of the previously described animals, as well as a more extensive series of ablations performed prior to the application of alumina cream. In some instances the alumina was placed in contact with the subcortical tissue underlying an ablated area, while in other cases it was applied to an adjacent intact cortical site. EXPERIMENTAL Cortical ablations were performed under pentobarbital sodium anesthesia. A bone flap was made at the appropri,tte region. The dura was then reflected and the cortical area removed by gentle suction, the blood vessels being coagulated or closed with silver clips. Closure was made at dural, muscle, and skin levels. In 4 of the 6 monkeys in which bilateral ablations were performed an interval of 1 month was allowed to elapse between operations. Alumina cream was then applied at a third operation on the ~'io. 1. Cortical map of Macaca mulatla after side of the first ablation. McCulloch. 2 F--face, T--thumb, A--arm, S--EEGs were recorded at intervals shoulder, L--leg.
during the observation period. one or both cerebral hemispheres. In no instance was the motor cortex of the mesial aspect (4, 6, foot) ablated. The principal areas removed included the following: (A) Unilateral areas 4 and 6 followed by alumina cream placed in disc on (#487, #514, #515) or injected into (#313, #51~) the ablated site (Fig 2) .
Extensive ablations of left 4 and 6 on the convexity. Areas 6 and 4 in their most lateral (face) portions were sometimes not completely ablated. Adjacent areas an-teriorly and posteriorly were sometimes included (8, 46, 45, and 3-1-~). The most extensive ablations were performed in #487 and #515. The deepest ablations were made in #51~ and #515.
(B) Bilateral areas 4 followed by disc of alumina cream over area 6 of one side (Fig. 3) .
Relatively good 4 ablations bilaterally. Areas 6 laterally (face) included in ~5~1 and to a minimal degree on the right in #538.
(C) Area 4 of one side and area 6 of the opposite side with application of alumina cream disc over area 6 adjacent to the area 4 ablation (Fig. 4 ). On left: good 4 ablation including 6, face. On right: ablation of 6 and small portion of adjacent 4. The 6 ablation was incomplete because of failure to include 6 face and probably 6 thumb. (D) Bilateral areas 6 followed by alumina cream disc over area 4 and 3-1-~ of one side (Fig. 5 ). In these animals there was partial ablation of 6 with preservation of 6 face and 6 thumb bilaterally. (A) Alumina applied over left motor area followed by ablation of left areas 4 and 6. The face area of 4 and 6 was not completely removed (Fig. 6). (B) Alumina applied over left motor area followed by ablation of left treated site.
(C) Alumina applied over left area 4 followed by partial ablation of left area 6. I~G. 6. ~45~. The portion of area 6 lateral to the angle of the arcuate sulcus (thumb, face) was left intact (Fig. 7) .
III. Ablation After Treatment of Cortex with Inactive Material.
(D) In one monkey a disc of zinc oxide was applied over the left motor cortex, followed by subsequent ablation of the treated site including portions of areas 4, 6, 8, and 3-1-~ (Fig. 8) ,
OBSERVATIONS
Ablation Prior to the Application of Alumina Cream. In Table 1 are summarized the results obtained when ablation preceded the application of alumina cream. Seizures developed in 9 of the 11 monkeys of this group and in 7 of these the attacks later became bilateral. E E G abnormalities were noted in all but 1 of the convulsing monkeys. In the ~ monkeys that failed to react, the removal of tissue was greatest and extended almost to the surface of the lateral ventricle at several points. One (#51~) received alumina by injection, while in the other (#515) a disc of alumina cream was applied to the ablation site. In all monkeys the presence of small residual areas of Site of Disc In group A the removal of extensive portions of the precentral motor cortex of one hemisphere (Fig. ~) failed to inhibit the development of seizures in 3 of 5 animals. It should be noted that in #487 the ablation was relatively shallow, while in #51~ and #515 it extended deepest.
In group B the subtotal removal of areas 4 and 6 bilaterally as indicated in Fig. 3 did not prevent the development of seizures following the application of a disc containing alumina cream over the cortex anteriorly adjacent to one ablated site.
In group C (#508) the subtotal ablation of area 4 of one side and area 6 of the opposite side with the application of alumina cream to the cortex anteriorly adjacent to ablated area 4 did not prevent the development of bilateral seizures.
In group D the subtotal removal of areas 6 bilaterally did not inhibit the development of seizures following the application of alumina over the posteriorly adjacent cortex of one hemisphere.
Ablation After the Induction of Seizures. The effect of ablation in monkeys
with well-established seizures is shown in Table s Three of the 4 monkeys have been referred to previously2 The present study includes these data and subsequent observations. It may be seen from Table ~ that seizures were not permanently inhibited when the cortical tissue underlying the disc and portions of adjacent cortex were removed (#45~), and that the EEG abnormality was only temporarily diminished (#45~, #451). This qualifies our preliminary observations on the same animals which indicated that seizures and EEG abnormalities were inhibited. In monkey #504 in which only partial removal of left area 6 was performed no significant changes in either seizures or EEG abnormality were noted.
In control monkey #430 ablation of the cortical area underlying the disc containing "inactive" substance (zinc oxide) did not introduce any abnormal clinical or significant EEG changes.
As noted in the previous group, serial coronal sections revealed residual gray islands in all ablated sites. DISCUSSION Subtotal ablation of the cortex underlying an active disc of alumina cream in ~ epileptic monkeys temporarily inhibited the clinical and EEG convulsive manifestations2 After a period of 4 months to 1 year following ablation, EEG abnormalities recurred and in one animal seizures were again elicited 7 months after a second ablation (performed 1 89 years after the first ablation). Subtotal ablation of the precentral motor areas on one or both sides of the brain, followed later by the application of an alumina cream disc to the surface of the ablated zone or the adjacent cortex, did not inhibit the subsequent development of seizures or EEG abnormalities, with the exception of #51~ and #515 (Table 1, Fig. ~d, e) . In these ~ animals in which neither seizures nor characteristic EEG changes were observed, it may be significant that the depth of the ablations was relatively greater. The presence of residual gray substance in all ablated areas was a constant finding at postmortem examination. Whether these remnants were potentially epileptogenic can neither be established nor excluded. However, it is noteworthy that clinical and EEG abnormalities did develop in the absence of relatively large masses of precentral motor cortex, and furthermore could not be distinguished from those found in unablated epileptic monkeys. The possibility exists that subcortical tissue or circuits may function in the production of the epileptic abnormalities described either primarily, or secondarily in the absence of cortex.
Spread of alumina cream to unablated cortex from its site of application should be considered. If this occurs it is possible that the epileptic manifestations observed resulted from action on adjacent cortex rather than on the presenting subcortical tissue or residual gray matter of the ablated site. However, since the clinical pattern of seizures was not stereotyped, and individual attacks did not always begin with foot or leg movements, it may be assumed that, in some instances at least, the action of alumina was not on the remaining unablated foot-leg cortical area. SUMMARY 1. Subtotal ablation of the preccntral motor cortex on one or both sides did not inhibit the subsequent development of recurrent convulsive seizures or EEG abnormalities following the application of alumina cream to an ablated site or the adjacent cortex in Macaca mulatta.
e. In e additional monkeys with well-established seizures the ablation of cortical tissue underlying the alumina cream disc, and including portions of adjacent cortex, caused only a temporary diminution of EEG abnormality and suppression of clinical seizures for 7 months and 1 year respectively. Nevertheless, in the former, seizures recurred for 13 months thereafter.
3. It was noted that in the ablated sites small residual areas of gray substance were present at postmortem examination. The implications of this finding are discussed.
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